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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: __
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 

In red are listed the steps that will require exclusive filming by Jove. All other steps (in black) will combine filming by Jove and will include personal images/movies we will provide.

2.2                Preparation of Mycobacterium abscessus inocula 

3.2 to 4.4. Preparation of zebrafish embryos and micro-injection procedure 

5.1.             Lipo-clodronate-based procedure

6.1              Determination by CFU enumeration

7.1.1      Preparation of anesthetized M. abscessus- infected embryos for live imaging    embryos 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document

The most critical (but not necessarily most difficult) aspect resides in getting highly homogenous bacterial suspension for subsequent microinjection. These bacteria (especially the rough variant) form very large aggregates that prevent subsequent injection and comparison of the infection process in a reproducible manner in embryos. Step 2.2 should therefore be emphasized.

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? _

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to study and compare the virulence of Mycobacterium abscessus strains and to describe the interactions between these bacteria and the host innate immune system in vivo using transparent zebrafish embryos (Intro).
This is accomplished by first preparing homogenous bacterial inocula (P1, Editor, use P1 here.  Begin with the flask with the blue cap on the left and add the zoomed in circle, then bring in the arrow and the tube to the right of it and the zoomed in circle to show the homogenous suspension. )
Next, the embryos are intravenously injected with the bacterial suspensions at 30 hours post-fertilization (P2, Editor, using P2, begin with the round dish with the rectangle inside with the embryos.  Then zoom in on the embryo as shown and add the needle to the embryo and insert the green bacteria into the needle and then into the embryo.)
Additionally, to study more precisely the role of macrophages in the infection control, a lipo-clodronate-based injection procedure is used to generate macrophage-depleted embryos (P3, Editor, using P3 here, begin with the embryo on the left, then add the needle and bring in the yellow balls.  Insert the yellow balls in to the needle, then zoom in on the rectangle to the panel on the right and show the yellow balls entering where the arrow is shown.  Then add the arrow to the right and the apoptosis panel.)
Finally, the infected embryos are prepared and imaged using fluorescence and confocal microscopy to monitor the progression of the infection (P4, Editor, begin with the embryo laying on its side in the dish, then bring in the gray microscope objective underneath it as shown.)
Ultimately, the results which can be obtained show the specific interactions between the fluorescent phagocytic cells and M. abscessus either as individual bacilli or as serpentine cords inside a transparent embryo (P5, Editor, add the circle on the embryo and then the top right panel with the mCherry-macrophage and green Wasabi-M. absessus.  Then add in the second, zoomed in panel below it as shown.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name __Laurent Kremer: The main advantage of using zebrafish over other animal models, like mice, is that it allows to follow and image in real time the infection process and to visualize the specific interactions between M. abscessus and macrophage or neutrophils.   

Protocol (read by voice talent at JoVE):

2. Preparation of M. abscessus Inocula
2.1. TEXT ON WHITE BACKGROUND: For the present study, zebrafish experiments were done at the University Montpellier, according to European Union guidelines for handling of laboratory animals (http://ec.europa.eu/environment/chemicals/lab_animals/home_en.htm) and approved by the Direction Sanitaire et Vétérinaire de l'Hérault and Comité d'Ethique pour l'Expérimentation Animale de la région Languedoc Roussillon (CEEA-LR) under the reference CEEA-LR-13007. Reagents and microinjection equipment were prepared according to the text protocol [2.1.1-TXT].
2.1.1. TEXT of the above statement
2.2. Interview: Christian Dupont:  This step is a critical issue for the subsequent injection procedure in zebrafish due to high propensity of rough M.abscessus to form large aggregates and to produce cords. A specific treatment is therefore necessary to prepare homogeneous and quantitatively controlled inocula prior to microinjection [2.2.1-MED][2.2.2-LM]. 
2.2.1. Talent reciting the above statement documentary style
2.2.2. LAB MEDIA Figure 2, Editor, bring in as a split screen with 2.2.1 if possible.  For ‘high propensity of rough M. abscessus…’, point out the top panel of the R variant (have both top panels visible.  For the last sentence, add in the two bottom panels and the ‘After treatment’ label. 
2.3. To prepare M. abscessus inocula [2.3.1-WIDE], harvest exponentially growing cultures from 150 cm2 tissue culture flasks into 50 ml sterile plastic tubes [2.3.2-MED/CU] and centrifuge at 4000 x g and room temperature for 15 minutes [2.3.3-MED].  
2.3.1. Talent removes flasks from incubator

2.3.2. Talent transfers cultures to 50 ml tubes

2.3.3. Talent places tubes into centrifuge and starts run
2.4. Use 1 ml of Middlebrook 7H9 supplemented with the OADC enrichment plus Tween 80, hereafter referred to as 7H9 medium, to resuspend the pellet [2.4.1-MED/CU] and aliquot 200 µl of the bacterial suspensions into 1.5 ml tubes [2.4.2-CU]. 
2.4.1. Film as written
2.4.2. Film as written
2.5. With a 26-gauge needle, homogenize each aliquot of bacterial suspension 15 times, [2.5.1-CU] then using a water bath sonicator, sonicate three times for 10 seconds each with 10 second breaks in between [2.5.2-MED/CU].  
2.5.1. Film as written (TEXT: 15 up-and-down sequences)
2.5.2. Film as written (TEXT: 3 times for 10s)
2.6. Add 1 ml of 7H9 medium [2.6.1-CU] and briefly vortex, [2.6.2-MED/CU] then centrifuge at 100 x g for 3 minutes [2.6.3-MED].  
2.6.1. Film as written

2.6.2. Film as written

2.6.3. Talent places samples in to centrifuge

2.7. [2.7.1-FF] [2.7.2-FF] [2.7.3-FF] Carefully collect the mycobacteria-containing supernatants to avoid clumps and pool the homogeneous suspensions in a 50 ml sterile plastic tube [2.7.1-CU].   
2.7.1. FREEZE FRAME of 2.4.1

2.7.2. FREEZE FRAME of 2.4.2

2.7.3. FREEZE FRAME of 2.5.3, Editor, places 2.6.2 and 2.6.3 side by side with 2.6.1 when mentioned

2.7.4. [now 2.7.1] Film as written
2.8. Centrifuge the suspension at 4000 x g for 5 minutes [2.8.1-MED] and use 200 µl of 7H9 medium to resuspend the pellet [2.8.2-CU].  Assess final bacterial inoculum according to the text protocol [2.8.3-LM-TXT]. 

2.8.1. Talent places tubes into centrifuge

2.8.2. Film as written

2.8.3. LAB MEDIA Figure 2 (TEXT: store 5µl aliquots at -80°C); Editor, zoom in slowly on the ‘after treatment’ panels
3. Microinjection of Zebrafish Embryos
3.1. Interview: Author name Audrey Bernut: The visual demonstration of this method is critical as the steps are difficult to learn, because the precise and gentle manipulation of the injection in zebrafish embryos under the microscope as well as the acquisition of the microinjection technique require time [3.1.1-MED].
3.1.1. Talent reciting the above statement documentary style
3.2. To carry out microinjection of M. abscessus, at about 24 hours post fertilization, or hpf,  [3.2.1-WIDE], use tweezers to dechorionate embryos in a 100 mm Petri dish and keep them at 28.5(C [3.2.2-LM].   
3.2.1. Talent removes embryos from incubator; Need another shot of talent placing embryos into incubator

3.2.2. LAB MEDIA (3.1_dechorionation_movie1.MP4)

3.3. Transfer 30-48 hpf embryos to a V-shaped positioning chamber filled with 25 ml of fish water containing 270 mg/L of tricaine [3.3.1-ECU].  With a clipped microloader tip, lay the embryos properly in the channels for easier micro-manipulation [3.3.2-LM]. 
3.3.1. Talent transfers embryos to chamber filled with fish water and Tricaine
[added] Talent cuts one microloader tip

3.3.2. LAB MEDIA (3.2_embryos_in_channels_movie2.MP4)

3.4. Use PBST to dilute the mycobacterial inoculum to the desired CFU to be delivered [3.4.1-CU] and include 10% phenol red to check proper injection [3.4.2-CU]. With a microloader tip, load a microinjection needle with 5-10 ul of the bacterial inoculum [3.4.3-CU].
3.4.1. Talent dilutes mycobacterium with PBS

3.4.2. Talent adds phenol red

3.4.3. Talent loads needle

3.5. Connect the microinjection needle into the holder of a micromanipulator connected to the injector [3.5.1-MED/CU] and use fine tweezers to break off the top of the needle to obtain an opening diameter of 5-10 um [3.5.2-LM]. 
3.5.1. Film as written
3.5.2. 3.4_breaking_the_needle_movie3.MP4
3.6. Calibrate the injection volume by adjusting the microinjection pressure and time [3.6.1-CU-TXT]. Then, to obtain the required injection volume, measure the diameter of a droplet expelled into the yolk of one embryo. [3.6.2-LM]
3.6.1. Film as written (TEXT: 20-50 hPa; 0.2s)

3.6.2. [added] LAB MEDIA (3.5_calibation_injection_movie8.MP4) Could you please also insert the “Calibration-injection” image (in tiff format) into the 3.5_calibation_injection_movie8?
3.7. To microinject into the caudal vein [3.7.1-MED], position the embryo with the ventral side facing the needle and place the needle tip close to the urogenital opening, and gently push the tip of the needle into the embryo until it just pierces the caudal vein region [3.7.1-LM MED]. 
3.7.1. Talent at microscope ready to inject

3.7.2. LAB MEDIA (3.6_3.7_intravenous_infection_movie4.MP4)

3.8. Then deliver the desired volume of bacterial suspension, usually 1-3 nl containing around 100 CFU/nl [3.8.1-LM].  Incubate and monitor the embryos according to the text protocol [3.8.2-WIDE/MED]. 
3.8.1. LAB MEDIA 3.6_3.7_intravenous_infection_movie4.MP4
3.8.2. Use 3.2.1B here Talent places embryos into incubator 
4. Generation of Macrophage-depleted Embryos  (Audrey Bernut)
4.1. To carry out lipo-clodronate depletion of macrophages in embryos, at 24 hpf [4.1.1-LM], dechorionate the embryos [4.1.2-LM] and transfer them to an injection dish filled with fish water with tricaine [4.1.3-CU FF].  Then orient them dorsal side downwards [4.1.4-LM].
4.1.1. Talent approaches microscope with 24hpf embryos and places a dish of them on the stage 
4.1.2. LAB MEDIA 3.1_dechorionation_movie1.MP4, Editor, use a short clip from this movie

4.1.3. [added] FREEZE FRAME from 3.3.1

4.1.4. LAB MEDIA 3.2_embryos_in_channels_movie2.MP4
4.2. After vortexing the liposome-encapsulated clodronate solution, load the microcapillary needle [4.2.1-CU] and calibrate the injection volume [4.2.2-LM].  Pierce the caudal vein region as demonstrated earlier and inject 2-3 nl of solution. Repeat the injection 3 times [4.2.3-LM].
4.2.1. Talent finishes loading needle

4.2.2. LAB  MEDIA calibration injection.tif (TEXT: see text protocol), Editor, place side by side with 4.2.1 when mentioned 
4.2.3. LAB MEDIA 4.2_lipoclodronate_injection_movie5.MP4
4.3. Incubate the embryos at 28.5(C [4.3.1-FF] and use fluorescence microscopy to control the proper depletion of macrophages before infecting as demonstrated earlier in this video [4.3.2-LM].
4.3.1. FREEZE FRAME from 3.2.1B

4.3.2.  LAB MEDIA 4.3_generation_of macrophage-depleted_embryos_picture1.tif, Editor, point out the lack of white signal in the ‘- macrophage’ panel for ‘proper depletion of macrophages.’
5. Bacterial Burden Quantification  (Christian Dupont)
5.1. To enumerate colony forming units, or CFUs, at the desired time point, collect 5 embryos per infection condition [5.1.1-CU] and transfer each embryo into a 1.5 ml microcentrifuge tube [5.1.2-CU]. Cryo-anesthetize the embryos by incubation on ice for 10 minutes [5.1.3-MED/CU].
5.1.1. Talent places embryos for a condition into a small dish
5.1.2. Film as written
5.1.3. Talent places embryos on ice
5.2. After euthanizing the embryos with 300-500 mg/L tricaine, use sterile water to wash the embryos twice [5.2.1-CU-TXT] in a new tube [5.2.2-CU].
5.2.1. Talent washes embryos (TEXT: tricaine 300-500 mg/L)
5.2.2. Film as written

5.3. Next, after removing water, add 2% Triton X-100 in 1X PBS to each embryo [5.3.1-CU] and use a 26-gauge needle to homogenize the tissue for complete lysis [5.3.2-CU].
5.3.1. Film as written
5.3.2. Film as written

5.4. After centrifuging the suspension, use 1X PBST 0.05% Tween 80 to resuspend the pellet [5.4.1-CU].  Then plate serial dilutions of the homogenates on Middlebrook 7H10OADC supplemented with BBL MGIT PANTA [5.4.2-MED-CU].  
5.4.1. Talent resuspends pellet
5.4.2. Talent plates serial dilutions
5.5. Incubate the plates at 30(C for 4 days before counting the colonies [5.5.1-WIDE].
5.5.1. Talent places plates into incubator

6. Imaging M. abscessus-infected Embryos (Audrey Bernut)
6.1. For live imaging of M. abscessus infection, mount tricaine-anesthetized embryos in 1% low melting point agarose in a 35 mm glass bottom Petri dish for an inverted microscope [6.1.1-CU], or a single cavity depression slide for upright confocal microscopy [6.1.2-CU].
6.1.1. Talent mounts embryo agarose at bottom of glass bottom Petri dish

6.1.2. Talent transfers an embryo to depression slide

6.2. Orient the embryo to the desired position [6.2.1-CU/ECU] and cover the solidified agarose with fish water containing tricaine [6.2.2-CU].
6.2.1. Film as written
6.2.2. Film as written

6.3. For fixed imaging of M. abscessus infection, after euthanizing the embryos, transfer them to 1.5 ml micro-centrifuge tubes [6.3.1-CU] and fix the embryos in 4% paraformaldehyde in 1 X PBST for 2 hrs at room temperature [6.3.2-CU]. Remove paraformaldehyde by washing the embryos twice with 1 X PBST for 10 min [6.3.3-CU].
6.3.1. Film as written

6.3.2. Talent adds paraformaldehyde

6.3.3. Talent adds PBS to tubes
6.4. To preserve the integrity of the tissues and fluorescence, successively incubate the embryos in increasing concentrations of glycerol solution for 10 minutes per condition [6.4.1-CU-TXT] (TEXT:  10, 20, 30, 40, 50% in 1X PBS). Lay the embryo embedded in 50% glycerol in a viewing chamber [6.4.2-LM].
6.4.1. Talent transfers embryos from one concentration of glycerol to another
6.4.2. LAB MEDIA  6.4_viewing chamber_picture2.tif
6.5. Finally, use a fluorescence microscope with a 10 X objective or a fluorescence confocal microscope with 40 X or 63 X objectives for sequential fluorescence acquisition and transmission imaging of the embryo [6.5.1-MED OVER SHOULDER]. 
6.5.1.  Talent at scope imaging samples
7. Results: Mycobacterium abscessus Infection in Zebrafish Embryos 
7.1. To investigate and compare the virulence of rough and smooth M. abscessus variants, fluorescent bacteria were injected intravenously in 30 hpf zebrafish embryos [7.1.1-LM].  
7.1.1. LAB MEDIA Figure 3A : 7.1.1_intravenous_infection_picture3.tif

7.2. In contrast to the smooth variant, the rough one induces a more robust and lethal infection with the development of abscesses within the central nervous system [7.2.1-LM].
7.2.1. LAB MEDIA Figure 3B, 3C : 7.2.1_embryo_survival_picture4.tif ; 7.2.1_real_time_infection_picture5.tif, Editor, for the smooth variant, point out the S variant panels and for the rough variant and the development of abscesses within the central nervous system, point out the white blobs in the head region in the bottom left panel at 5 dpi
7.3. Differences in virulence were quantified either by enumerating the CFUs or by determining the fluorescent pixel counts, which are correlated.  This points to higher bacterial loads for the rough variant [7.3.1-LM].
7.3.1. LAB MEDIA Figure, 3D, 3E: 7.3.1_CFU_picture6.tif; 7.3.1_FPC_picture7.tif, Editor, point out the R variant groups of triangles for the last sentence.
7.4. As seen in this figure, the kinetics of cord formation can be monitored and imaged by videomicroscopy in a non-invasive manner, demonstrating the propensity of the rough variant to replicate extracellularly [7.4.1-LM].
7.4.1. LAB MEDIA Figure 4: 7.4.1_Recording_picture8.tif, Editor, add in the red arrows one at a time for 2, 3, and 4 dpi.  For days 2 and 3, add in the corresponding zoomed in panel and boxes with the arrows
7.5. As shown here, infection of macrophage-depleted embryos with the rough M. abscessus leads to a massive increase in the bacterial loads and cord production and to rapid larval death. This clearly indicates that macrophages are required to control M. abscessus infection [7.5.1-LM]. 
7.5.1. LAB MEDIA Figure 5B, 5C : 7.5.1_lipoclodronate_loads_picture9.tif ; 7.5.1_lipoclodronate_survival_picture10.tif, Editor, for ‘leads to massive…’, add in the dotted box and the zoomed in panel in B and for ‘rapid larval death’, show the white triangles in C go from 80% to 0 at 3 dpi.
7.6. To observe in real-time the interactions between macrophages and M. abscessus, the mpeg1:mCherry transgenic line, that produces red fluorescent macrophages, can be used. Infections induce a marked recruitment of macrophages with efficient phagocytosis of individual bacteria, whereas mycobacterial cords represent a strategy evolved by M. abscessus to avoid being phagocytosed [7.6.1-LM]. 
7.6.1. LAB MEDIA: 7.6.1_bacillivsmacrophages_movie6.avi ; 7.6.1_cordvsmacrophages_movie7.avi
8. Conclusion (said by authors on camera)
8.1. Author name Laurent Kremer: After its development, this technique paved the way for researchers in the mycobacterial field to explore the important role of cording as a new mechanism of immune evasion. Thanks to the zebrafish model of infections, it becomes now possible to observe and describe the in vivo contribution of cords in the pathogenicity of M. abscessus.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
3.1_dechorionation_movie1.MP4 – Embryo dechorionation at 10 X  
3.2_embryos_in_channels_movie2.MP4 – 30hpf embryos orientation for intravenous injection at 10 X  
3.4_breaking_the_needle_movie3.MP4 - Breaking the injection needle at 10 X
3.6_3.7_intravenous_infection_movie4.MP4 - Bacterial intravenous injection at 10 X
4.2_lipoclodronate_injection_movie5.MP4 - Lipoclodronate intravenous injection at 10 X
4.3_generation_of macrophage-depleted_embryos_picture1.tif - Proper depletion of macrophages in embryos controlled by fluorescence microscopy at 10 X
6.4_viewing chamber_picture2.tif – Steps to prepare the viewing chamber
7.1.1_intravenous_infection_picture3.tif – Intravenous infection controlled by fluorescence microscopy at 10 X 
7.2.1_embryo_survival_picture4.tif – Survival curves of infected embryos 
7.2.1_real_time_infection_picture5.tif – Spatiotemporal visualization of M. abscessus infection by fluorescence microscopy at 10 X 
7.3.1_CFU_picture6.tif – CFU counting after infection

7.3.1_FPC_picture7.tif – FPC measurements
7.4.1_Rcording_picture8.tif – Visualization of the progression of cord formation by DIC microscopy at 20 X 
7.5.1_lipoclodronate_loads_picture9.tif - Spatiotemporal visualization of M. abscessus infection by fluorescence microscopy at 10 X 
7.5.1_lipoclodronate_survival_picture10.tif – Survival curves of infected macrophage-depleted embryos
7.6.1_bacillivsmacrophages_movie6.avi - Visualization of the macrophage behaviour toward individual bacilli by confocal fluorescence microscopy at 63 X 
7.6.1_cordvsmacrophages_movie7.avi - Visualization of the macrophage behaviour toward a serpentine cord by confocal fluorescence microscopy at 63 X 
3.5_calibration_injection_movie8.mp4 – To calibrate the injection volume in the yolk at 10 X
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments
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